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Background: Ultrasound is frequently used to measure activity in the lumbar multifidus muscle (LMM). However
previous reliability studies on diagnostic ultrasound and LMM have included a limited number of subjects and few
have used Bland-Altman’s Limits of Agreement (LOA). Further one does not know if activity affects the subjects’
ability to contract the LMM.
Methods: From January 2012 to December 2012 an inter- and intra-examiner reliability study was carried out in a
clinical setting. It consisted of a total of four experiments with 30 subjects in each study. Two experienced examiners
performed all measurements. Ultrasound measurements were made of: 1. the LMM in the resting state, 2. during a
contracted state, 3. on subsequent days, and, before and after walking. Reliability and agreement was tested for
1. resting LMM, 2. contracted LMM, and 3. thickness change in the LMM. Mean values of three measurements
were used for statistical analysis for each spinal level. The intra-class correlation coefficient (ICC) 3.1 and 3.2 was
used to test for reliability, and Bland-Altman’s LOA method to test for agreement.
Results: All of the studies indicate high levels of reliability, but as the LMM thickness increased (increasing
contraction) the agreement between examiners was poorer than for low levels of contraction.
Conclusions: The use of diagnostic ultrasound to measure the LMM seems to be reliable in subjects who have
little or no change in thickness of the LMM with contraction.
Keywords: Diagnostic ultrasound, Measurement, Lumbar multifidus, Agreement, Reliability, Limits of agreement,
Intraclass correlation coefficientIntroduction
The lumbar multifidus muscle and low back pain
It is well known that non-specific low back pain (LBP) is a
prevalent disorder often with numerous recurring epi-
sodes [1]. Currently there is no objective clinical test that
is able to differentiate subjects with nonspecific LBP from
pain free subjects, nor is there any clinical test than can
predict the occurrence or recurrence of LBP. Even though
the exact cause of LBP remains unknown, some studies
indicate that fat infiltrations in the multifidus musculature
(LMM) are associated with back pain [2]. Numerous stud-
ies have been carried out on the LMM in relation to the
presence of LBP with and without radiculopathy [3-9], as
well as LMM size and function as a prognostic factor for
LBP [10,11], predictive effects of changes in the LMM in* Correspondence: eirikjs@online.no
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unless otherwise stated.LBP patients [12,13] and LMM changes in relation to
treatment of LBP [14-16]. Changes of the LMM function
have also been noted in people who previously had LBP
[17] and even in those with experimentally induced LBP
[18]. Therefore it seems possible that there may be a link
between the function and/or morphology of the LMM
and LBP. Hence function of the LMM may be easily
altered by pain and slow to recover.Evaluating the LMM with diagnostic ultrasound
When evaluating the LMM with ultrasound, this is done
by comparing the thickness of resting muscle with that
of activated muscle. The reason for this is findings in
prior studies that have demonstrated reduced ability to
contract the LMM in low back pain patients [7,9] as well
as in patients who have previously suffered from LBP
[17]. Hodges et al. [19] investigated the use of ultra-
sound to measure muscle contraction on several muscleshis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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parameters measured by ultrasound and EMG showed a
nonlinear relationship, and the majority of muscle
thickness change took place in the range up to 30% of
maximal voluntary contraction [19]. For the LMM a
close correlation was found between values measured
by ultrasound and activity measured by EMG when the
contractions were in the range of 19 to 34% of maximum
contraction [20].
Earlier studies on diagnostic ultrasound and the LMM
differed greatly on methodology, procedures, equipment,
muscles tested, sample size, LBP presentation, and levels
of physical fitness of participants. A systematic review by
Hebert et al. [21] reported poor methodological quality
of previous studies on diagnostic ultrasound and LMM,
only 6 of the 24 studies included in the systematic review
were considered high quality studies.
When measuring the thickness of the LMM, earlier
studies have shown that averaging the thickness of three
measurements optimizes reproducibility [22,23]. Very
good inter-rater agreements between novice and experi-
enced examiners have been found when measuring LMM
thickness [24]. Good inter- and intra-rater reliability has
also been reported between experienced examiners [25]
and novice examiners [23,26,27]. In order to activate the
LMM one can lift either the contralateral arm or leg. An
earlier study found only marginal difference in contraction
when lifting the contralateral arm or leg: The same study
also noted that transducer position has little effect on intra
and inter-rater reliability of diagnostic ultrasound and the
LMM [23]. The systematic review by Hebert et al. [21]
highlights that reliability increases with more experienced
examiners, and that only a minority of studies have re-
ported low levels of reliability.
Need for further studies on diagnostic ultrasound
Criticism has been raised against several of the studies
on inter- and intra-rater reliability of the LMM when
measured with diagnostic ultrasound. Hebert et al. [21]
highlighted different methods in measuring the LMM in
previous studies, and several of these had small sample
sizes (<15), asymptomatic subjects, and only some of the
studies looked at the measurement of contraction. None
of the previous studies investigated how general activity,
such as gait might affect measurements of the LMM
using diagnostic ultrasound. The reason for investigating
gait, is the suggestion that the spine is the key to loco-
motion of the lower limbs [28]. More recent studies have
shown increased electromyographic activity in the LMM
during walking [29].
Methodological considerations
Previous studies that investigated reproducibility of mea-
surements of LMM with diagnostic ultrasound havedone so by examining reliability of measurements. To
test this statistically, the intra-class correlation coeffi-
cient (ICC) is commonly used. However, the concept of
reproducibility consists also of agreement. Agreement is
best illustrated with Bland-Altman’s Limits of Agree-
ment (LOA) method [30-33] because it helps detect any
systematic differences between the individual measure-
ments (i.e., fixed bias) and is able to identify possible
outliers. However only rarely in previous studies on
diagnostic ultrasound and the LMM have both these
methods been used [26].
Aim and objectives of the present study
In order to bring forth a coherent picture on the issue of
the potential usefulness of ultrasound diagnosis on the
LMM in people with LBP, a number of projects were
carried out. We started with the most basic aspects,
moving towards the more advanced ones, using both the
ICC and LOA methods for our statistical analyses. Spe-
cifically, the study had the four following objectives in
relation to the ultrasound diagnostic procedure on the
LMM:
1. To study the inter-examiner reliability of diagnostic
ultrasound when measuring LMM thickness on one
still image.
2. To study the inter-examiner reliability of diagnostic
ultrasound when measuring LMM contraction on
two sets of still images.
3. To study the intra-examiner reliability of diagnostic
ultrasound when measuring LMM contraction on
two different occasions.
4. To study the stability of measurements of LMM
contraction with diagnostic ultrasound by
comparing these before and after the subjects
exercised.Methods
Examiners
Inter and intra-examiner reliability was tested between
two chiropractors who were both experienced in diagnos-
tic ultrasound for the musculoskeletal system. Examiner 1
had four years of experience in diagnostic ultrasound and
examiner 2 had eight years of experience. At the time of
the study both the examiners held a postgraduate diploma
in diagnostic ultrasound. Before the study, both examiners
agreed upon and developed the protocol of diagnostic
ultrasound that was applied in this study.
Study subjects
An a priori decision was made to include 30 study subjects
to test each of the four study objectives. These subjects
were recruited consecutively from a chiropractic practice
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was considered a convenience sample as the study was
conducted in a routine clinical practice setting. The major-
ity of these subjects were LBP patients although patients
with other spinal complaints such as mid back pain, neck
pain, and/or extremity pain were also included. In addition
some pain-free subjects were recruited from outside the
clinic. This case mix was to include subjects with the po-
tential ability to produce a contraction of the LMM as well
as those with the potential not to. Subjects were recruited
during the clinic’s opening hours, normally around the
end of the day and during lunch hours when both exam-
iners were available. Each of the total 120 subjects took
part in only one of the projects outlined above. All sub-
jects gave verbal and written consent to inclusion in
the study. Application for ethics approval was sent to
the Regional Committees for Medical and Health Re-
search Ethics (REC) in Norway. REC considered the
project a quality assurance project and therefore no




In this study all the measurements of the LMM were
taken with the subjects in a prone position with a pillow
placed under the abdomen to flatten the lumbar lordosis
as this provides better contact for the transducer. A
Medison Accuvix V10 ultrasound scanner with a 3–
7 MHz curvilinear probe was used. To identify the level
of the LMM in the lumbar spine, the transducer was
placed longitudinally along the spine with the midpoint
over the spinous processes of interest. The sacrum was
recognized as a longitudinal structure in contrast to the
shorter curved spinous processes. The probe was then
moved laterally and angled slightly medially until the
facet joint in question could be visualized as described
by Kiesel [20]. At this point the probe was directly over-
lying the LMM, and a measurement was taken from the
apex of the facet joint to the plane between the thoracol-
umbar fascia and the subcutaneous fat. The reason for
utilizing the on-screen callipers was to make the study
as clinically relevant as possible. Previous studies have
analysed the images offline. However, this is not common
in a clinical setting. Care was taken not to move too far
laterally as this would lead to imaging of the erector spinae
muscles and not the LMM. Figure 1 illustrates placement
of the calipers.
Objective 1: Inter-examiner reliability of LMM thickness
on the same still image
For all study subjects in objective 1, a single image was
generated of the LMM by one of the examiners. The
first examiner then placed a marker on the image on themammillary process of the level to be measured. Exam-
iner 1 subsequently measured the distance three times
with the calliper software on the ultrasound machine,
saving each image onto the ultrasound machine’s hard
drive. The callipers and saved images were removed be-
fore examiner 2 entered the room, leaving only the still
image with the marker in place on the screen. Examiner
2 then performed the same measurement procedure.
Thereafter the data were transferred to a separate paper
by examiner 1 who calculated mean values.
Objective 2: Inter-examiner reliability of LMM contraction
on separate still images
For all subjects, images of the LMM in the resting and
contracted states were generated independently by each
of the examiners. The spinal level to be measured was
chosen from predetermined criteria (a total of thirty
average measurements, fifteen from the left and fifteen
from the right, and evenly distributed between L3-L5).
Examiner 1 generated an image of the LMM in the rest-
ing state with the subject in prone position (Figure 1).
Thereafter a split screen was utilized and the subject
performed the contralateral arm lifting task as described
by Kiesel [20] but with no hand held load. Then a sec-
ond image (Figure 1: Image 2) was captured of the
contracted LMM with the arm in the elevated position,
and the thickness of the LMM was measured on screen
of the two images (Figure 1: Image 1: resting thickness,
Figure 1: Image 2: contracted thickness). This procedure
was performed three times by both examiners for each
subject, giving three sets of measurements of the LMM
in the resting and contracted states for each level for
each examiner. The three sets of images with the mea-
surements in place were saved onto the ultrasound ma-
chine’s hard drive. Examiner 1 removed the saved
images from the screen before examiner 2 entered the
room. Examiner 2 then repeated the same procedure.
After examiner 2 left the room, the data were then
transferred to two separate sheets of paper by examiner
1. Examiner 1 calculated mean measurements for the in-
dividual measurements by both examiners (mean resting
and contraction values). In addition contraction of the
LMM was expressed as raw change in thickness
(contracted LMM minus resting LMM). Contraction
was expressed as an exact change in thickness and not
in a relative percentage because there is missing evi-
dence to support that the LMM contracts as a unit.
Objective 3: Intra-examiner reliability of LMM contraction
using two sets of still images on two different days
For all subjects, three sets of measurements were generated
on two different days giving a total of six sets of measure-
ments per subject. Examiner 1 performed all measure-
ments. To reduce the risk of recall, a minimum of five days
Figure 1 Ultrasound image of resting LMM (left image) contracted LMM (right image). Calipers placed on the apex of facet joint of L4, and
on the interface between the thoracolumbar fascia and subcutaneous fat.
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ber of patients had been examined, making recall of previ-
ous measurements unlikely. The procedure for obtaining
the images was the same as for objective 2. The measure-
ments obtained by the examiner were saved onto the ultra-
sound machine, and recorded on two different sets of
paper that were kept separate until all measurements had
been obtained. The first sets of measurements were deleted
off the ultrasound machines hard drive on the same day as
they were generated. This was done to avoid examiner 1
being able to read the first set of measurements when per-
forming measurements on the second day. Examiner 2
then calculated the mean of resting and contracting LMM
values for day 1 and day 2.
Objective 4: Repeatability of measurements of LMM
contraction with diagnostic ultrasound before and after
the subjects walked around the table
For all subjects examiner 1 generated two sets of images.
Again, examiner 1 performed all measurements. The pro-
cedure for obtaining resting and contraction measurementsof LMM were the same as in objectives 2 and 3. For each
subject three sets of measurements were taken both before
and after the subject walked around the table (exercised).
When recording the measurements, examiner 1 first saved
the first three sets of measurements on the ultrasound ma-
chine’s hard drive, after which the subject exercised. During
the exercise the first sets of measurements had been cleared
from the screen. The second three sets of measurements
taken were saved on the same subject file but annotated as
“after”. The reason for clearing the images from the screen
was to prevent examiner 1 from reading the measurements
from the “before” measurements when recording the sec-
ond sets of measurements. After the measurements were
completed, examiner 2 transferred the data onto a separate
sheet of paper and calculated mean values for the individ-
ual measurements by examiner 1 (mean resting thickness
and contraction thickness before the patient had walked,
and mean resting and contraction values after the subject
had walked around the table). The contraction was
expressed as raw change in thickness (contracted LMM –
resting LMM).
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Correlation between examiners was measured in three
ways:
1. For study objectives 1 to 4, ICC were determined in
two ways, both as two way mixed single measures (3.1)
and as two way mixed average measures (3.2) in order to
evaluate inter- and intra-rater reliability. ICC 3.1 and 3.2
are the correct forms of ICC to use when the subjects
are randomly selected but the examiners are not [34]. In
this analysis, both subjects and examiners are seen as
potential sources of systematic variability.
There is no consensus of what constitutes a good ICC
value [35]. According to the guidelines by Kottner et al.
[33] the ICC values should be at least 0.90 or 0.95 if in-
dividual and important decisions should be made based
on ICC statistics. A systematic review by Hebert et al.
[21] on the reliability of diagnostic ultrasound on the
abdominal and lumbar trunk muscles used ICC values
above 0.75 to indicate good reliability and below 0.75
to indicate poor reliability.
2. LOA were also calculated for study objectives 1, 2 and
4 and shown in order to determine differences between
the means of the measurements. The LOA is shown as a
graph in which the individual measurements are plotted
making it possible to observe if the results vary as a
function of the size of the measurements.
3. In addition to the ICC values for study objective 3, a
linear plot was constructed in order to evaluate the level
of LMM contraction in the subjects on two different days.
The analyses were carried out by an independent person
(NW) using STATA version 12.1.Results
Descriptive data
A detailed description of the study subjects is shown in
Table 1. Each experiment consisted of a different sample
of 30 subjects.Table 1 Descriptive data on subjects
Subjects, total.




120 64 56 38 20-69
Study objective 1
30 18 12 38 20-69
Study objective 2
30 14 16 37 20-65
Study objective 3
30 15 15 38 20-59
Study objective 4
30 17 13 40 20-68Objective 1. To study the inter-examiner reliability of
diagnostic ultrasound when measuring LMM thickness on
one still image
Good inter-examiner reliability was found between exam-
iners (Table 2). The mean difference between examiners
was low and the LOA narrow in range (Figure 2, Table 3).
The greatest difference on an individual measurement
between the two examiners, gave a measurement difference
of approximately 2% when applied to the average LMM
thickness.
Objective 2. To study the inter-examiner reliability of
diagnostic ultrasound when measuring LMM contraction
on two sets of still images
Good inter-examiner reliability was also found between
examiners when measuring resting and contracted LMM
(Table 2). The LOA plots (Figures 3 and 4, and Table 3)
for resting and contracted LMM showed a small average
difference between examiner 1 and 2. However the LOA
plots (Figures 3 and 4, and Table 3) were substantially
wider than in study 1. The average difference between
examiners measuring resting LMM was very low
(Table 3), but the greatest difference on an individual
measurement equated to a difference of as much as 21%
between examiners (Figure 3). For the contracted LMM
the average difference between examiners measuring
resting LMM was very low (Table 3). But the greatest
difference on an individual measurement of the LMM
resulted in a 19% difference between examiners
(Figure 4).
When LMM contraction was expressed as contracted
LMM minus relaxed LMM good inter-examiner reli-
ability was found (Table 2). The LOA plot (Figure 5,
Table 3) demonstrated a low average difference be-
tween the examiners. But compared with the LOA plots
(Figures 3 and 4) for measurements of contracted and
relaxed LMM, the average difference between exam-






±12 88 23 4 5
±13 25 5 0 0
±12 20 5 1 4
±11 23 7 0 0
±11 20 6 3 1
Table 2 Mean measurements for LMM and ICC values for study objective 1–4
Objective 1 Interexaminer reliability of measuring LMM thickness using one still image
Mean LLM thickness examiner 1 Mean LLM thickness examiner 2 ICC average ICC individual
27.9 mm± 3.2 mm 27.9 mm ± 3.2 mm 0.999 (0.997-0.999) 0.997 (0.994-0.999)
Objective 2 Interexaminer reliability of measuring LMM contraction using two sets of still images.
Mean relaxed LLM thickness
examiner 1 (distance 1)
Mean relaxed LLM thickness
examiner 2 (distance 1)
ICC average ICC individual
28.9 mm± 6.4 mm 29.0 mm ± 6.1 mm 0.97 (0.94-0.99) 0.95 (0.89-0.98)
Mean contracted LLM thickness
examiner 1 (distance 2)
Mean contracted LLM thickness
examiner 2 (distance 2)
ICC average ICC individual
32.1 mm± 7.0 mm 32.0 mm ± 6.7 mm 0.97 (0.94-0.99) 0.95 (0.90-0.98)
Distance 2–1 examiner 1 Distance 2–1 examiner 1 ICC average ICC individual
3.1 mm± 2.2 mm 3.0 mm± 2.0 mm 0.98 (0.96-0.99) 0.97 (0.92-0.98)
Objective 3 Intraexaminer reliabilty of measuring LMM contraction using 2 sets of still images taken on 2 different days.
Mean relaxed LLM thickness
(distance 1 day 1)
Mean relaxed LLM thickness
(distance 1 day 2)
ICC average ICC individual
28.4 mm± 5.3 mm 28.4 mm ± 4.8 mm 0.99 (0.97-0.99) 0.97 (0.94-0-99)
Mean contracted LLM thickness
(distance 2 day 1)
Mean contracted LLM thickness
(distance 2 day 2)
ICC average ICC individual
29.7 mm± 6.0 mm 29.6 mm ± 5.5 mm 0.97 (0.93-0.99) 0.94 (0.88-0.97)
Distance 2–1 day 1 Distance 2–1 day 2 ICC average ICC individual
1.4 mm± 1.7 mm 1.3 mm± 1.7 mm 0.97 (0.93-0.99) 0.94 (0.88-0.97)
Objective 4 Measuring LMM contraction before and after a motor task on two sets of still images.
Mean relaxed LLM thickness
(distance 1 before task)
Mean contracted LLM thickness
(distance 2 before task)
Mean relaxed LLM thickness
(distance 1 after task)
Mean contracted LLM thickness
(distance 2 after task)
30.6 mm± 5.5 mm 34.1 mm ± 6.6 mm 29.9 mm± 5.3 mm 34.6 mm± 6.4 mm
Distance 2–1 before Distance 2–1 after ICC average ICC individual
3.5 mm± 2.6 mm 3.5 mm± 2.5 mm 0.98 (0.97-0.99) 0.97 (0.94-0.99)
Figure 2 LOA plot showing agreement between examiner 1 and examiner 2. Study objective 1, measurement of LMM thickness on one still
image (N = 30).
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Table 3 Mean difference and LOA range study 1, 2, and 4
Objective 1
Mean difference LOA range
Relaxed LMM 0.01 mm± 0.24 mm [−0.48; 0.47 mm]
Objective 2
Relaxed LMM 0.08 mm± 2.0 mm [−4.07; 3.92 mm]
Contracted LMM 0.06 mm ±2.0 mm [−3.93; 4.06 mm]
Contracted-Relaxed LMM 0.14 mm ±0.55 mm [−0.94; 1.22 mm]
Objective 4
Relaxed LMM 0.7 mm ± 0.9 mm [−1.09; 2.49 mm]
Contracted LMM 0.7 mm ± 0.9 mm [−1.18; 2.51 mm]
Contracted-Relaxed LMM 0.04 mm± 0.65 mm [−1.32; 1.25 mm]
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dividual measurement equated to a 45% difference in
measurements between the two examiners. The LOA
(Figure 5) demonstrated a funnel shape with the opening
to the right. On the x-axis the volume increased towards
the right suggesting poorer agreement with increasing
muscle thickness.
It is also possible to express contraction as a relative
percentage change and not as a raw measurement.
This was performed as a separate analysis to see if it
changed the LOA plot. Figure 6 shows contraction
expressed this way. This resulted in a change in the
funnel shape of the LOA plot into a more linear in-
crease indicating that the examiners agreed less as the
muscle thickness increased.Figure 3 LOA plot showing agreement between examiner 1 and exam
of images (N = 30).Objective 3. To study the intra-examiner reliability of
diagnostic ultrasound when measuring LMM contraction
on two different days
Again, there was good intra-examiner reliability both for
relaxed and contracted LMM (Table 2). ICC values for
contraction expressed as contracted LMM minus relaxed
LMM (Table 2) also demonstrated excellent intra-
examiner reliability.
The linear plot in Figure 7 shows little change in mea-
surements from day to day, and that the vast majority of
the subjects had little or no ability to contract their
LMM. Only five subjects are seen on the right end of
the scale demonstrating a volume change representing
contraction. Four of the subjects had around 4 mm vol-
ume increase of the LMM and one subject had around
6 mm volume change. On average this equates to a rela-
tive thickness change between 14 and 20%. This study
did not attempt to correlate the level of pain with con-
traction, so it is not possible to determine whether these
subjects suffered from LBP.Objective 4. To study the repeatability of measurements
of LMM contraction with diagnostic ultrasound before
and after the subjects walked around the table
There was good intra-examiner reliability for relaxed
and contracted LMM on days 1 and 2 (Table 2). Good
intra-examiner agreement was also seen for contraction
expressed as contracted minus relaxed LMM (Table 2).
The LOA plots for relaxed and contracted LMM (Figures 8
and 9) were very similar to those in study objective 2iner 2. Study objective 2, measurement of resting LMM on two sets
Figure 4 LOA plot showing agreement between examiner 1 and examiner 2. Study objective 2, measurement of contracted LMM on two
sets of images (N = 30).
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and contracted LMM was still low although greater
than those found in study 2 (Table 3). Nonetheless the
standard deviation for resting and contracted LMM is
lower than that seen in study objective 2. The greatest
difference for an individual measurement was equal to
6% measurement difference before and after the sub-
ject exercised. For contracted LMM the greatest dif-
ference on an individual measurement was equal toFigure 5 LOA plot showing agreement between examiner 1 and exam
distance 1) LMM on two sets of images (N = 30).5% measurement difference. When expressing contraction
as (contracted LMM minus relaxed LMM) a similar plot
to Figure 5 is seen in Figure 10. Again a moderate funnel
shape can be seen, indicating less agreement as the LMM
thickness increases. The average difference is also very low
(Table 3). The greatest difference in LMM contraction on
an individual measurement gave a measurement difference
in muscle thickness as high as 7% before and after the
subject exercised.iner 2. Study objective 2, measurement of contraction (distance 2 –
Figure 6 LOA plot showing agreement between examiner 1 and examiner 2. Study objective 2, measurement of LMM contraction
expressed as relative % (distance 2 – distance 1)/distance 1) on two sets of images (N = 30).
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We performed four independent studies to test if diag-
nostic ultrasound can be used to reliably examine the
thickness of the LMM in situations that relate to the
various stages of examination. To analyse our data, we
used both ICC and LOA. Our results were encouraging.
Average measurements were used for analysis. The reli-
ability of the measurements of LMM thickness was good
in all four studies. This was the case when two exam-
iners used the same still image, when they used two sets
of still images, when one examiner measured the same
person on two different days, and before/after the study-
subject had walked around for a while.
However, it was noted that good agreement was mainly
present in subjects who had little or no change in muscleFigure 7 Scatter plot of subjects in study objective 3. Day to day scattthickness (contraction), probably making this method less
reliable to measure thickness change as seen with contrac-
tion. Because this study sample consisted mainly of people
with chronic back problems, it was not possible to study
further the cut-points for good and less good reliability.
Limitations and weaknesses
Another weakness was that the examiners in these four
experiments were clinicians in the clinic where the study
subjects were treated. This meant that they would have
met and/or treated several of these subjects. Nevertheless,
many patients come through this clinic over time, a large
proportion of which would be examined with diagnostic
ultrasound. It would be impossible for the clinicians to
remember individual values to a larger extent, and noneer, x-axis shows day 1, y axis day 2.
Figure 8 LOA plot showing agreement between examiner 1 before and after the subject performed a motor task. Study objective 4,
measuring resting LMM before and after a simple motor task on two sets of images (N = 30).
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performed this study with an open and curious mind. It
is unlikely that the results would be biased for this
reason.
The subjects in this study were recruited from a clinical
setting, the majority of which had LBP. This can be seen
as both a strength and a weakness. It would have been
preferable with a more mixed study sample, but theFigure 9 LOA plot showing agreement between examiner 1 before an
measuring contracted LMM before and after a simple motor task on two spresence of people with LBP made it possible to study the
usefulness of diagnostic ultrasound in a typical setting.
The negative aspect is that the results cannot necessarily
be generalized to other populations.
Comparison with other studies
When comparing our results to others one can only look
at the ICC values. Our results, are all similar to previousd after the subject performed a motor task. Study objective 4,
ets of images (N = 30).
Figure 10 LOA plot showing agreement between examiner 1 before and after the subject performed a motor task. Study objective 4,
measurement of contraction (distance 2 – distance 1) LMM on two sets of images (N = 30).
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study to others is that we have demonstrated through
the LOA analysis, a poorer agreement between two ex-
aminers who measure LMM thickness on two different
sets of images. We also found less agreement between
two examiners who measure contraction of the LMM.
The agreement does seem to diminish when the thickness
of the LMM is increasing more than 4 mm (relative
increase of approximately 14%).
It has previously been shown that it is difficult for sub-
jects with LBP to contract the LMM [18]. Our study did
not aim to correlate LBP and ability to contract the LMM,
however the majority of the subjects were LBP sufferers
and this might be the reason why the majority of subjects
had little or no ability to contract the LMM. We also in-
cluded subjects without LBP, which may be reflected in
the measurements that indicate a thickness increase in the
LMM. As we only wanted to investigate the measure-
ments this needs to be explored further in other studies.
Recommendations for further studies
Further exploration of utilization of diagnostic ultra-
sound on the LMM is needed. The examiners showed a
low level of agreement when measuring LMM thickness
change in the subjects who were able to contract of the
LMM, but a good level of agreement when measuring
LMM thickness change in the subjects who were not
capable of contracting the LMM. It could be possible to
categorize the contraction in groups to see if this in-
creases the agreement. However this would be easier if
one could use relative contraction measured in % as a
scale. But if one were to use relative contraction as a
measurement, further studies need to be conducted tosee if different parts of the LMM contracts as a unit.
From a more clinical perspective correlation between
pain and LMM contraction measured with diagnostic
ultrasound needs to be performed, as well as studies that
examine subjects who never had low back pain to obtain
more knowledge of how the LMM normally would con-
tract. The clinical utilization of diagnostic ultrasound in
measuring the muscle contraction of the LMM is not
clear, as normal ranges are not fully established [36].
However, diagnostic ultrasound could possibly be used
for identifying subjects who are not capable of contract-
ing the LMM.Conclusion
Our results indicate that ultrasound examination of the
lumbar multifidus muscle is a reliable method when used
by experienced examiners in people with chronic LBP,
with poor contracting ability of their multifidus muscles
and the average of three measurements is utilized.
Competing interests
The authors have no financial or non-financial competing interests to declare.
The foundation Et Liv i Bevegelse (ELIB) partly funded the study.
Authors’ contributions
EJS, JAB, and CLY formed the study idea. All authors were involved in the
design of the study, interpretation of data, revision of the manuscript, and all
gave final approval of the manuscript. NW performed the data analysis. JB
revised the manuscript and was also supervisor for the projects part of the
MSc at the Anglo European College of Chiropractic and Bournemouth
University. Parts of this study was used for an MSc degree in diagnostic
ultrasound at the Anglo- European College of Chiropractic. EJS, JAB, CLY and
JB set up the study. EJS and JAB conducted all intra and inter-rater measurements.
NW performed the statistical analysis. EJS drafted the manuscript. CLY, JB and NW
reviewed the manuscript. All authors reviewed and approved the manuscript in
its final form.
Skeie et al. Chiropractic & Manual Therapies  (2015) 23:15 Page 12 of 12Acknowledgements
The authors want to thank participating subjects, and especially Jeffrey
Hebert for his input on reviewing this article. The authors would also thank
the Norwegian Chiropractic Association for financial support towards the
MSc degree in musculoskeletal ultrasound for EJS and JAB.Funding
This study recieved funding from the Norwegian independant research
foundation Et liv i bevegelse (ELIB).
Author details
1MChiro, MSc, Ulriksdal 2, 5009 Bergen, Norway. 2DC, MSc, Ulriksdal 2, 5009
Bergen, Norway. 3Department Spincenter of Southern Denmark Hospital
Lillebælt, Østre Hougvej 55, DK-5500 Middelfart, Denmark. 4Anglo European
College of Chiropractic. Research Department, 13-15 Parkwood Road,
Bournemouth BH5 2DF England, UK. 5Orthopaedic Department, Center for
Spine Surgery, Hospital of Lillebaelt, Institute of Regional Health Service
Research and Center for Research in Childhood Health, University of
Southern Denmark, Østre Hougvej 55, DK5500 Middelfart, Denmark.
Received: 6 August 2014 Accepted: 14 March 2015References
1. Donelson R, McIntosh G, Hall H. Is it time to rethink the typical course of
low back pain? PMR. 2012;4(6):394–401.
2. Kjaer P, Bendix T, Sorensen JS, Korsholm L, Leboeuf-Yde C. Are MRI-defined
fat infiltrations in the multifidus muscles associated with low back pain?
BMC Med. 2007;5:2. doi:10.1186/1741-7015-5-2.
3. Zhao WP, Kawaguchi Y, Matsui H, Kanamori M, Kimura T. Histochemistry
and morphology of the multifidus muscle in lumbar disc herniation:
comparative study between diseased and normal sides. Spine. 2000;25
(17):2191–9.
4. Yoshihara K, Nakayama Y, Fujii N, Aoki T, Ito H. Atrophy of the multifidus
muscle in patients with lumbar disk herniation: histochemical and
electromyographic study. Orthopedics. 2003;26(5):493–5.
5. Kader DF, Wardlaw D, Smith FW. Correlation between the MRI changes in
the lumbar multifidus muscles and leg pain. Clin Radiol. 2000;55(2):145–9.
6. Hides J, Gilmore C, Stanton W, Bohlscheid E. Multifidus size and symmetry
among chronic LBP and healthy asymptomatic subjects. Man Ther.
2008;13(1):43–9.
7. Danneels L, Coorevits P, Cools A, Vanderstraeten G, Cambier D, Witvrouw E,
et al. Differences in electromyographic activity in the multifidus muscle and
the iliocostalis lumborum between healthy subjects and patients with
sub-acute and chronic low back pain. Eur Spine J. 2002;11(1):13–9.
8. Parkkola RR, Rytökoski UU, Kormano MM. Magnetic resonance imaging of
the discs and trunk muscles in patients with chronic low back pain and
healthy control subjects. Spine. 1993;18(7):830–6.
9. Wallwork TL, Stanton WR, Freke M, Hides JA. The effect of chronic low back
pain on size and contraction of the lumbar multifidus muscle. Man Ther.
2008;14(5):496–500.
10. Lee HI, Song J, Lee HS, Kang JY, Kim M, Ryu JS. Association between
cross-sectional areas of lumbar muscles on magnetic resonance imaging
and chronicity of low back pain. Ann Rehabil Med. 2011;35(6):852–9.
11. Heydari A, Nargol AVF, Jones APC, Humphrey AR, Greenough CG. EMG
analysis of lumbar paraspinal muscles as a predictor of the risk of low-back
pain. Eur Spine J. 2010;19(7):1145–52.
12. Wong AYL, Parent EC, Funabashi M, Stanton TR, Kawchuk GN. Do various
baseline characteristics of transversus abdominis and lumbar multifidus
predict clinical outcomes in non-specific low back pain? A systematic review.
Pain. 2013;154(12):2589–602.
13. Zielinski KA, Henry SM, Ouellette-Morton RH, DeSarno MJ. Lumbar
multifidus muscle thickness does not predict patients with low back
pain who improve with trunk stabilization exercises. Arch Phys Med
Rehabil. 2013;94(6):1132–8.
14. Danneels L, Vanderstraeten G, Cambier D, Witvrouw E, Bourgois J, Dankaerts
W, et al. Effects of three different training modalities on the cross sectional
area of the lumbar multifidus muscle in patients with chronic low back
pain. Br J Sports Med. 2001;35(3):186–91.15. Weber BRB, Grob DD, Dvorák JJ, Müntener MM. Posterior surgical
approach to the lumbar spine and its effect on the multifidus muscle.
Spine. 1997;22(15):1765–72.
16. Hides JA, Jull GA, Richardson CA. Long-term effects of specific stabilizing
exercises for first-episode low back pain. Spine. 2001;26(11):E243–8.
17. Macdonald D, Moseley GL, Hodges PW. Why do some patients keep hurting
their back? Evidence of ongoing back muscle dysfunction during remission
from recurrent back pain. Pain. 2009;142(3):183–8.
18. Kiesel KB, Uhl T, Underwood FB, Nitz AJ. Rehabilitative ultrasound
measurement of select trunk muscle activation during induced pain. Man
Ther. 2008;13(2):132–8.
19. Hodges PW, Pengel LHM, Herbert RD, Gandevia SC. Measurement of muscle
contraction with ultrasound imaging. Muscle Nerve. 2003;27(6):682–92.
20. Kiesel KB, Uhl TL, Underwood FB, Rodd DW, Nitz AJ. Measurement of
lumbar multifidus muscle contraction with rehabilitative ultrasound
imaging. Man Ther. 2007;12(2):161–6.
21. Hebert JJ, Koppenhaver SL, Parent EC, Fritz JM. A systematic review of
the reliability of rehabilitative ultrasound imaging for the quantitative
assessment of the abdominal and lumbar trunk muscles. Spine. 2009;34
(23):E848–56.
22. Koppenhaver SL, Parent EC, Teyhen DS, Hebert JJ, Fritz JM. The effect of
averaging multiple trials on measurement error during ultrasound imaging
of transversus abdominis and lumbar multifidus muscles in individuals with
low back pain. J Orthop Sports Phys Ther. 2009;39(8):604–11.
23. Larivière C, Gagnon D, De Oliveira E, Henry SM, Mecheri H, Dumas J-P.
Ultrasound measures of the lumbar multifidus: effect of task and transducer
position on reliability. PMR. 2013;5(8):678–87.
24. Wallwork TL, Hides JA, Stanton WR. Intrarater and interrater reliability of
assessment of lumbar multifidus muscle thickness using rehabilitative
ultrasound imaging. J Orthop Sports Phys Ther. 2007;37(10):608–12.
25. Van K, Hides JA, Richardson CA. The use of real-time ultrasound imaging for
biofeedback of lumbar multifidus muscle contraction in healthy subjects.
J Orthop Sports Phys Ther. 2006;36(12):920–5.
26. Koppenhaver SL, Hebert JJ, Fritz JM, Parent EC, Teyhen DS, Magel JS.
Reliability of rehabilitative ultrasound imaging of the transversus abdominis
and lumbar multifidus muscles. Arch Phys Med Rehabil. 2009;90(1):87–94.
27. Wong AYL, Parent EC, Kawchuk GN. Reliability of two ultrasonic imaging
analysis methods in quantifying lumbar multifidus thickness. J Orthop
Sports Phys Ther. 2012;43(4):251–62.
28. Gracovetsky S. An hypothesis for the role of the spine in human
locomotion: a challenge to current thinking. J Biomed Eng. 1985;7(3):205–16.
29. Saunders SW, Schache A, Rath D, Hodges PW. Changes in three
dimensional lumbo-pelvic kinematics and trunk muscle activity with speed
and mode of locomotion. Clin Biomech. 2005;20(8):784–93.
30. Zaki R, Bulgiba A, Ismail R, Ismail NA. Statistical methods used to test for
agreement of medical instruments measuring continuous variables in
method comparison studies: a systematic review. PLoS One. 2011;7(5):
e37908. doi:10.1371/journal.pone.0037908.
31. Hanneman SK. Design, analysis, and interpretation of method-comparison
studies. Adv Crit Care. 2008;19(2):223–34.
32. Bland JMJ, Altman DGD. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet. 1986;1(8476):307–10.
33. Kottner JJ, Audige LL, Brorson SS, Donner AA, Gajewski BJB, Hróbjartsson
AA, et al. Guidelines for reporting reliability and agreement studies (GRRAS)
were proposed. Int J Nurs Stud. 2011;48(6):661–71.
34. Rankin G, Stokes M. Reliability of assessment tools in rehabilitation: an
illustration of appropriate statistical analyses. Clin Rehabil. 1998;12(3):187–99.
35. Shrout PE. Measurement reliability and agreement in psychiatry. Stat
Methods Med Res. 1998;7(3):301–17.
36. Teyhen DS, Childs JD, Stokes MJ, Wright AC, Dugan JL, George SZ.
Abdominal and lumbar multifidus muscle size and symmetry at rest and
during contracted states normative reference ranges. J Ultrasound Med.
2012;31(7):1099–110.
